Background: Pazopanib is a tyrosine kinase inhibitor with antiangiogenic activity. Vascular endothelial growth factor expression is increased in SCLC and is correlated with poor prognosis. The efficacy and tolerance of second-line pazopanib in SCLC was evaluated.
. The current standard of care for the management of extensive-stage SCLC (ED-SCLC) includes 4-6 chemotherapy cycles with a platinum agent and etoposide. Despite the efficacy of standard front-line regimens, the majority of ED patients relapse within 3-4 months, leading to a median survival of 8-13 months (van Meerbeeck et al, 2011) . The dismal prognosis of SCLC patients, with a 5-year survival rate of 7%, relies mainly on the limited options for the management of relapsed patients. Indeed, during the past 30 years, topotecan is the only approved drug for the second-line setting (O'Brien et al, 2006) and the various efforts for new treatments were without success (Jalal et al, 2009; Pallis et al, 2009; Ciuleanu et al, 2010; Satouchi et al, 2014; von Pawel et al, 2014; Koinis et al, 2016) .
Angiogenesis is one of the hallmarks of malignant diseases contributing to tumour progression and metastasis (Hanahan and Weinberg, 2011) . Angiogenesis is of paramount importance in SCLC based on the high microvessel density and VEGF expression in almost 80% of SCLC cases (Lucchi et al, 2002; Dowell et al, 2004) . In addition, high levels of serum VEGF or VEGF overexpression in tumour samples have been associated with poor response to chemotherapy and inferior survival (Salven et al, 1998; Tas et al, 2006; Ustuner et al, 2008; Zhan et al, 2009) . Pazopanib (Votrient; Novartis, Fabrikstrasse, Basel, Switzerland) is a potent, competitive inhibitor of the tyrosine kinase activity (TKI) of VEGF receptors (VEGFR-1, -2 and -3), platelet-derived growth factor receptor (PDGFR) and c-kit, capable of inhibiting downstream signalling from these receptors (Kumar et al, 2007) . It has been already approved for the treatment of renal cell carcinoma (Sternberg et al, 2010) and soft-tissue sarcomas (van der Graaf et al, 2012). As there is an unmet need for the development of new active therapeutic options for relapsed SCLC patients, the Lung Cancer Working Group of the Hellenic Oncology Research Group (HORG) conducted a multicentre, single-arm, phase II study of pazopanib as second-line treatment in patients with both platinum-resistant/refractory and platinum-sensitive SCLC.
PATIENTS AND METHODS
Key eligibility criteria. Patients with histologically or cytologically confirmed SCLC and radiologically documented progressive disease (PD) after first-line chemotherapy or chemoradiotherapy were recruited. Both patients with sensitive (relapse 490 days after completion of front-line therapy; cohort A) and refractory or resistant (unresponsive to initial therapy and relapse within 90 days following completion of initial treatment, respectively; cohort B) were enrolled. Additional eligibility criteria included age X18 years, measurable disease according to RECIST v.1.1 (Eisenhauer et al, 2009) , adequate liver, renal and bone marrow function, ability to swallow oral medications and an ECOG performance status of p2. Patients with brain metastasis were enrolled provided that they were irradiated at least 4 weeks before the first administration of the study drug, and were neurologically stable. Patients with poorly controlled hypertension, corrected QT interval 4480 ms (using Bazett's formula) or significant cardiac morbidity within the past 6 months were excluded. Additional exclusion criteria included a history of cerebrovascular accident, transient ischemic attack, pulmonary embolism or untreated deep venous thrombosis within the past 6 months, prior major surgery or trauma within 28 days before treatment initiation and/or presence of any nonhealing wound, fracture, ulcer, evidence of active bleeding or bleeding diathesis, haemoptysis, clinically significant gastrointestinal abnormalities that might increase the risk for bleeding and any serious and/or unstable pre-existing medical, psychiatric or other condition that could interfere with subject's safety, provision of informed consent or compliance to study procedures. The trial was approved by the institutional review board of the participating centres, as well as by the Hellenic Drug and Food Organisation (EOF) and the National Ethics Committee (EED); the study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. All patients gave written informed consent.
Treatment and response assessments. Pazopanib was given at a dose of 800 mg per day, orally, once daily. Toxicity was graded according to the Common Terminology Criteria for Adverse Events (NCI CTCAE v.4.03, National Cancer Institute, 2015) . Tumour response assessment (by physical examination and CT scans) using the RECIST criteria v.1.1 (Eisenhauer et al, 2009 ) was performed every two cycles (each cycle of 28 days), or earlier if clinically indicated. The pazopanib dose was adjusted (by 200 mg decrements or treatment interruptions) according to patients' tolerance. Treatment was discontinued in case of unacceptable toxicity, treatment delay 42 weeks due to insufficient recovery from toxicity or if more than two dose reductions were required. Patients continued treatment until disease progression, occurrence of unacceptable toxicity or consent withdrawal.
Detection of CTCs. Of the 58 patients who were treated with pazopanib in the context of this phase II study, 56 had evaluable baseline CTC measurement by CellSearch (CS) assay (Supplementary Figure 1) . Peripheral blood (7.5 ml in CellSave Preservative Tubes; Veridex LLC, Raritan, NJ, USA) was obtained before the administration of the first pazopanib dose (baseline; n ¼ 56), before the initiation of the second cycle (post first cycle; n ¼ 35) and at the time of clinical or radiological disease progression (PD; n ¼ 45; Supplementary Figure 1) . All blood samples were obtained at the middle of vein puncture after the first 5 ml were discarded to avoid contamination with skin epithelial cells. Blood samples were processed within 72 h. The CS (Veridex LCC) assay for the detection of CTCs was performed using the CellTracks Analyser II as reported previously (Allard et al, 2004) and according to the manufacturer's instructions. The detection of 5 CTCs/7.5 ml of blood was considered as the cutoff to characterise a blood sample as positive according to the manufacturer's instructions.
End points and statistical considerations. This was a multicentre, open-label, non-randomised, single-arm phase II trial that enrolled patients in two parallel cohorts (cohorts A and B).
The primary end point of the study was the progression-free survival rate (PFS-R) at week 8 in both cohorts, as determined by radiological assessment using the standard RECIST criteria v.1.1. Progression-free survival rate (Van Glabbeke et al, 2002) was selected as the primary end point because the objective response rate (ORR) might not be the optimal tool to measure the efficacy of antiangiogenic treatment (Michaelis and Ratain, 2006) .
The null hypothesis for both cohorts was that pazopanib is not active, whereas the alternative hypothesis was that it is active. These hypotheses are expressed as H o : PFS-R p0.30 vs H a : PFS-R X0.50. The study hypotheses were based on results of intravenous topotecan monotherapy in relapsed SCLC in both sensitive and refractory patients (Ardizzoni, 2004) .
The study followed a Simon's min-max two-stage design. Nineteen patients should be enrolled into each cohort during the first step of the study and if 7 or more subjects in cohort A or B did not experience PD at week 8, 20 additional patients would be enrolled in each cohort during the second step of the trial (a total of 39 patients per cohort). The null hypothesis would be rejected in favour of the alternative hypothesis if 17 or more patients among the 39 subjects in each cohort experience disease control at week 8. The type I error rate with this design is 0.05, the type II error is 0.2 and the power is 80%.
The secondary end points included the (i) PFS, measured from the date of enrolment until the date of PD or death, whichever is first reported; (ii) overall survival (OS), measured from the date of enrolment to the date of death from any reason; (iii) ORR according to the RECIST criteria; and (iv) toxicity profile.
An intention-to-treat (ITT) analysis was performed in both cohorts together as well as separately. The detection of positive CTCs was compared using the two-sided Fisher's exact test for categorical variables. Progression-free survival and OS for all patients were calculated using the Kaplan-Meier analysis and the comparisons were computed using the log-rank test. Ninety-five per cent confidence intervals (95% CI) are also presented, as appropriate. All clinical data were held centrally (Clinical Trial Office, HORG) and analysed using the SPSS statistical software, version 22.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Patients' characteristics. Between October 2011 and September 2014, 58 patients were enrolled in cohorts A (n ¼ 39) and B (n ¼ 19). Recruitment in cohort B was terminated at the interim analysis owing to the lack of efficacy. Patients' characteristics are summarised in Table 1 . Median age was 64.5 years (range, 39-82), 50 (86.2%) patients were male and 55 (94.8%) had an ECOG performance status of 0 or 1. All patients received front-line chemotherapy with etoposide/cisplatin (or carboplatin), while concomitant chest radiotherapy was administered in 16 patients (27.6%) with limited disease; six (10.3%) patients had brain metastasis.
Drug exposure and toxicity. A total of 206 cycles were administered. Dose reduction was required in 18 cycles due to haematologic toxicity (n ¼ 2 cycles), non-haematologic toxicity (n ¼ 14 cycles) and both haematologic and non-haematologic toxicity (n ¼ 2 cycles). The median dose intensity was 560 mg per day per os corresponding to 70% of the protocol planned dose.
At the time of analysis, all patients had discontinued treatment because of disease progression (PD; n ¼ 43 patients); in addition, 15 patients discontinued treatment for the following reasons: (i) consent withdrawn after the first cycle (n ¼ 4 patients) as a result of personal decision (1 patient) and adverse events (AEs) ((n ¼ 3 patients): grade 4 diarrhoea (1 patient); grade 4 transaminasaemia (1 patient) and grade 4 neutropenia (1 patient), (ii) physician's decision (2 patients), (iii) lost to follow-up (1 patient) and death not related to treatment (1 patient). Two patients were alive at the time of analysis. For 55 patients death was due to disease progression and one to cardiorespiratory failure; this death was deemed unrelated to study treatment.
All patients were evaluable for toxicity and the observed AEs are summarised in Table 2 . The most frequent all-grade toxicities were anaemia and thrombocytopenia, which occurred in 26 (44.7%) and 22 (37.8%) patients, respectively. No grade 3-4 anaemia was observed, while grade 3 thrombocytopenia and grade 3-4 neutropenia occurred in one and two patients, respectively. Other common grade 3 or 4 AEs were transaminasaemia (8.6%), fatigue (6.9%) and diarrhoea (5.1%). One patient experienced grade 3 hypertension. Thyroid function abnormalities were detected in three (5.1%) patients, but all were grade 1 or 2. There was no treatment-related death.
Effect of pazopanib on CTCs. The administration of one pazopanib cycle resulted in a significant decrease to the number of patients with X5 CTCs/7.5 ml of blood (20.0%) compared with baseline (50.0%). Moreover, the number of CTCs was significantly decreased after one pazopanib cycle compared with baseline values (median number: 5 (range, 0-11 143 CTCs) and 0 (range, 0-804 CTCs) CTCs/7.5 ml of blood before and after one cycle of treatment, respectively (P ¼ 0.043)). At the time of PD, 18 (40.0%) out of 45 evaluable patients had an increased number of CTCs (median number 2 CTCs/7.5 ml of blood; range, 0-16 806 CTCs) compared with the number of CTC-positive patients after the first pazopanib cycle (P ¼ 0.027).
Efficacy. All patients were evaluable for response. The objective responses were confirmed by an independent radiologist. In the ITT analysis of all 58 enrolled patients, a partial response (PR) was documented in eight patients (13.8%; 95% CI: 5.0-22.7), stable disease (SD) in 20 (34.5%) and PD in 30 (51.7%). The interim analysis of patients enrolled in cohort B indicated that one patient experienced PR for an ORR of 5.3% (95% CI: 0-15.3) and four achieved SD lasting for 48 weeks (PFS-R: 26.3%; 95% CI: 6.52-46.12); since the hard-stop rule was achieved in cohort B, further accrual was halted. On the contrary, the interim analysis in cohort A revealed that more than seven patients experienced disease control at week 8 and enrollment was continued according to the study design. In group A patients, the PFS-R was 59% (n ¼ 23 patients; 95% CI: 43.5-74.4%); PR was achieved in seven patients (17.9%; 95% CI: 5.9-30) and SD in 16 (41%); there was no patient with CR. In the whole group of patients, the median PFS and OS were 2.5 months (range, 0.1-2.04 months; 95% CI: 1.9-3.1 months) and 6.0 months (range, 0.5-38.4 months; 95% CI: 3.8-8.2 months), respectively. Nine (15.5%) patients received the study drug for 46 months (range, 6-24,3 months) and 3 of them for 412 months (one for 24.3 months, one for 19.7 months and a third for 12 months). The median PFS in cohorts A and B was 3.7 months (range, 0.1-23 months) and 2 months (range, 0.3-6 months), respectively ( Figure 1A) . Similarly, the median OS for the patients in cohorts A and B was 8.0 months (range, 1-38.4 months) and 4 months (range, 0.5-15.7 months), respectively, with a 1-year survival rate of 26.5% (cohort A) and 10.5% (cohort B; Figure 1B) . In addition, patients with X5 CTCs/7.5 ml at baseline had significantly shorter PFS (1.9 months, 95% CI: 0.9-2.8 vs 3.6 months, 95% CI: 1.3-5.9; Po0.001, Figure 2A ) and OS (5.2 months, 95% CI: 2.4-7.9 vs 10.1 months 7.4-12.8; P ¼ 0.001, Figure 2B ).
Correlation of CTC changes and response to treatment. Further analysis of the CTC number revealed a significant correlation between their number and the treatment efficacy. Patients with disease control (PR þ SD) had a significantly lower number of CTCs compared to patients with PD at all evaluated time points (baseline, after one pazopanib cycle and on PD (Po0.001; P ¼ 0.016 and P ¼ 0.05, respectively; Supplementary Table 1 and Supplementary Figure 2) . Further analysis of paired samples revealed that patients with a high number of CTCs (X5 CTCs/ 7.5 ml of blood) both at baseline and after one pazopanib cycle had a significantly shorter OS compared to patients with a low CTC number (o5 CTCs/7.5 ml) at both time points. Similarly, the median OS was significantly higher in patients without detectable CTCs after one pazopanib cycle compared to patients with detectable CTCs (P ¼ 0.036) as well as in patients with a low number of CTCs at baseline and a high number of CTCs (X5 CTCs/7.5 ml) after one treatment cycle (Supplementary Figure 3) .
DISCUSSION
Over the past decades no significant advances in the management of SCLC patients have been achieved. However, recent studies have shed light on the molecular biology of this tumour and new treatment targets have emerged and a shift towards molecular targeted approaches has been arisen. Although various agents have already been tested in different settings in SCLC, none of them has gained approval from the regulatory authorities, thus far (Koinis et al, 2016) .
In the current multicentre, phase II study, the efficacy and toxicity of single-agent pazopanib, as second-line treatment in patients with SCLC, was investigated. The primary end point was met in patients with platinum-sensitive disease. For this group of patients, the PFS-R was 59%, the ORR 17.9%, the PFS 3.7 months and the OS 8 months. A systematic analysis of 21 clinical trials investigating different second-line chemotherapeutic regimens in SCLC, the ORR and the OS for patients with sensitive disease were 27% and 7.7 months, respectively (Owonikoko et al, 2012) , whereas second-line chemotherapy in these patients resulted in a PFS of B3 months and an OS of 6-8 months (von Pawel et al, 1999 (von Pawel et al, , 2001 Eckardt et al, 2007) . Conversely, in patients with refractory disease the corresponding efficacy end points were lower, as expected, since these patients have a negligible chance to respond to any systemic second-line monotherapy (Owonikoko et al, 2012) . To the best of our knowledge, this is the first study reporting that an antiangiogenic TKI demonstrates a substantial and clinically relevant efficacy, as salvage treatment in patients with platinum-sensitive SCLC. Considering that antiangiogenic agents might have antitumour efficacy even in the absence of a robust RECIST-based response, the eight objective responses seen in our trial serve as evidence of therapeutic activity of VEGF tyrosine kinase inhibition in platinum-sensitive SCLC patients. This hypothesis is further supported by the fact that nine (15.5%) patients received the study treatment for more than 6 months and 3 of them for more than 12 months. Moreover, it is interesting to note that pazopanib administration was associated with a significantly lower incidence of CTC-positive patients. The effect of pazopanib on CTCs was an early phenomenon, as it was observed after the administration of only one cycle; conversely, the number of CTCs was significantly increased at the time of clinical relapse compared with their number post first cycle. Moreover, it is interesting that the number of CTCs was significantly correlated with the treatment efficacy since patients with a low number of CTCs either before treatment or after one treatment cycle had a significantly higher probability to respond to treatment. In addition, the presence of a high CTC number both at baseline and after one pazopanib cycle was significantly correlated with shorter OS (Figure 2 and Supplementary Figure 3) . In a preliminary correlative study, we observed that CTCs express the VEGFR2 and the number of VEGFR2-positive CTCs is significantly decreased after one pazopanib cycle (data not shown); this observation could explain, at least partially, the effect of pazopanib on CTCs. These findings strongly suggest that monitoring CTC changes during pazopanib administration could represent a dynamic biomarker in patients treated with an antiangiogenic agent, and, thus, it is reasonable to hypothesise that measurement of CTCs in SCLC patients deserves further evaluation as an efficacy surrogate biomarker.
Several clinical trials have investigated the efficacy of antiangiogenic therapies in SCLC. However, the results from most of these studies were disheartening. A single-arm, phase II study of second-line bevacizumab/paclitaxel in patients with a sensitive relapse yielded a median PFS of 14.7 weeks and an ORR of 18.1% (Jalal et al, 2010) , whereas in a study with the same regimen in patients with chemoresistant disease, the ORR was 20% with a median PFS and OS of 2.7 and 6.3 months, respectively (Mountzios et al, 2012) . Similarly, TKIs targeting the VEGFR have been explored in the second-line setting in SCLC. Treatment with the multikinase inhibitor sorafenib resulted in an ORR of 11% with a median OS of 6.7 months in the subgroup of platinumsensitive patients (Gitlitz et al, 2010) . Cediranib, a VEGFR-1, -2 and -3 TKI, was evaluated in a phase II trial that was prematurely terminated owing to the lack of efficacy at the interim analysis (Ramalingam et al, 2010) . Moreover, vandetanib, a multikinase inhibitor including VEGFR, failed as a maintenance treatment in SCLC patients achieving a response to first-line chemotherapy (Arnold et al, 2007) . However, a phase II, randomised placebocontrolled trial of sunitinib as maintenance treatment improved PFS compared with placebo (median PFS 3.7 months for sunitinib and 2.1 months for placebo) after standard first-line chemotherapy in patients with extensive SCLC (Ready et al, 2015) . However, the patients' tolerance to treatment was very poor, as the rate of grade X3 AEs was 53.5% on sunitinib. In contrast, in the current study pazopanib demonstrated an acceptable and easily manageable toxicity profile. In fact, the toxicity profile noted in the current study is similar to that reported in previous studies with pazopanib in renal cell carcinoma, with elevated aminotransferases being the most prevalent grade 3-4 AE (Motzer et al, 2013; Escudier et al, 2014) . It is to note that a treatment associated with a prolongation of PFS and with minimal toxicity compared with other options for relapsed patients with platinum-sensitive SCLC, should be considered as clinically relevant. Although quality of life issues were not assessed in a comprehensive manner in our study, representing a limitation of the trial, pazopanib improved the disease-related symptoms in the group of patients who experienced long-lasting disease control for more than 6 months.
As far as the other tyrosine kinase receptors that are also targeted by pazopanib are concerned, both c-kit (Rygaard et al, 1993) and PDGFR (Shinohara et al, 2007) are expressed in SCLC tumours. Although c-kit expression has been suggested as a prognostic factor (Micke et al, 2003) , clinical studies investigating c-kit inhibition, clearly, did not demonstrate sufficient efficacy in terms of ORR or survival and its further development stopped (Johnson et al, 2003; Dy et al, 2005; Krug et al, 2005) . On the other hand, PDGFR expression has not been shown to hold any prognostic or predictive value in SCLC (Shinohara et al, 2007) and therefore targeting PDGFR pathway is not considered clinically meaningful in SCLC.
In conclusion, pazopanib showed a promising activity as second-line treatment in patients with platinum-sensitive SCLC. Based on these findings, further evaluation of this drug is justified, in relapsed SCLC patients with sensitive disease, alone, in Ն5 CTCs/7.5 ml Ն5 CTCs/7.5 ml <5 CTCs/7.5 ml <5 CTCs/7.5 ml combination with other agents or as maintenance treatment in patients responding to front-line treatment. Finally, the monitoring of CTCs could contribute to the early detection (after one treatment cycle) of the patients who most likely will benefit from pazopanib and might serve as an early reliable surrogate biomarker that predict for response according to radiographic criteria.
